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Introduction 


Background 

The  Engineering  Materials  and  Coatings  Branch  of  the  U.S.  Army  Research 
Laboratory  (ARL),  has  actively  participated  in  a  continuing  co-operative  program  with 
the  Fuels  Handling  Division,  currently  of  the  Tank  Automotive  Research,  Development, 
and  Engineering  Center  (TARDEC).  The  primary  purpose  has  been  to  evaluate  the 
performance  characteristics  and  specification  or  purchase  description  conformance  of  vari¬ 
ous  rubber-based  components  of  field-emplaceable  air  and  land  vehicle  refueling  systems. 
Rubber-based  components  comprising  a  typical  system  are  rubber-coated  fabric  fuel  stor¬ 
age  (pillow)  tanks  of  various  sizes,  fuel  suction  and  discharge  hoses,  and  SOO-gallon 
air-droppable  fuel  drums.  Two  classes  of  refueling  systems  are  currently  in  use,  one 
designed  for  service  in  tropic  and  temperate  environments,  and  another  specifically  engi¬ 
neered  for  Arctic  service,  the  so-called  Arctic  Fuel  System  Supply  Point  (AFSSP)  which 
provides  storage  capabilities  for  the  Arctic  Forward  Area  Refueling  Equipment  system 
(AFARE).  The  AFSSP  and  AFARE  systems  are  depicted  in  Figures  1  and  2,  respectively. 

Through  combined  contractual  and  in-house  effort,  the  Engineering  Materials  and 
Coatings  Branch  developed  the  end  items  covered  in  this  report.  The  branch  has  also 
addressed  several  fuels  handling  system-related  problems  such  as  developing  gaskets  for 
Arctic  hose  couplings  and  ascertaining  why  fuel  spillage  promoted  a  shortening  of  the 
service  life  of  tanks  coated  with  urethanes.  The  latter  is  detailed  in  the  Belvoir  Research 
Development  and  Engineering  Report  Number  2S19  titled  "Extending  the  Service  Life  of 
Urethane  Fuel  Tanks."  Numerous  internal  reports  have  been  prepared  covering  evaluation 
of  hoses  and  candidate-coated  fabrics  for  tanks  and  drums  and  recommendations  for 
improving  test  and  evaluation  procedures. 

Objective 

This  report  covers  testing  and  evaluation  of  components  of  an  AFARE  system 
developed  for  the  Fuels  Handling  Division  with  all  contractual  efforts  monitored  by 
Engineered  Air  Systems  Corporation,  St.  Louis,  MO.  Supplemental  assistance  was 
provided  by  Aviation  Troop  Command  (ATCOM)  procurement  personnel. 

The  specific  system  components  covered  in  this  evaluation,  the  relevant  specifications, 
and  the  end  item  fabricators  are  listed  as  follows: 

•  3K-,  10K-,  and  20K-Gallon  Fuel  Tanks  -  MIL-T-53101  fabricated  by  Bell  Avon, 
Picayune,  MS. 

•  SOO-Gallon  Fuel  Drum  -  MIL-D-53092  fabricated  by  Amfuel,  Magnolia,  AR. 

•  Collapsible  Fuel  Hoses  -  MlL-H-53095  fabricated  by  Goodyear,  St.  Alphonse 
De  Granby,  Quebec,  Canada,  and  Gates  Rubber  Company,  Denver,  CO. 

•  Non-Collapsible  Fuel  Hoses  -  MIL-H-53096  fabricated  by  Goodyear,  St.  Alphonse 
De  Granby,  Quebec,  Canada,  and  Gates  Rubber  Company,  Denver,  CO. 

No  fuel  drums  or  tanks  were  submitted  for  testing,  only  samples  of  the  materials 
from  which  the  items  would  be  fabricated.  Lengths  of  hose  in  the  various  sizes  required 
for  system  deployment  were  provided  by  both  Goodyear  and  Gates. 
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!.  Arctic  Forward  Area  Refueling  Equipment 


Test  Program 


Conformance  Tasting 

All  testing  was  conducted  according  to  detailed  procedures  cited  in  the  drum,  tank, 
and  hose  specifications  listed  above  and/or  the  applicable  ASTM  or  Federal  Test  Method 
Standard  191  test  methods. 

Supplamantal  Testing 

In-house  studies,  covered  in  the  report  cited  above,  demonstrated  convincingly  that 
ultra-violet  inhibitors  and  hydrolytic  stabilizers  incorporated  in  urethane-coated  fabrics 
such  as  that  proposed  by  Bell  Avon  for  tank  fabrication  may  be  leached  out  as  a  result 
of  unintentional  external  surface  contact  with  the  contained  fuel.  This  could  result  in 
coated  fabric  and  seam  failures;  therefore,  an  extraction/immersion  test  procedure  was 
developed  to  ascertain  the  likelihood  of  such  an  occurrence.  The  procedure  was  included 
in  the  MIL-T-S3101  tank  conformance  test  plan  and  is  detailed  as  follows: 

1.  Immerse  test  specimens  in  JP-5/JP-8  ST  fuel  conforming  to  MlL-T-5624 
for  seven  days  at  160°F  ±  2°F. 

2.  Remove  specimens  from  fuel  and  blot  with  paper  towels. 

1.  Place  specimens  in  a  vacuum-drying  oven  for  16  hours  ±  two  hours  at 
120°F  at  a  reduced  pressure  of  20  in.  of  Mercury. 

4  Immerse  specimens  in  distilled  water  for  the  specified  period,  usually 
14  or  42  days  at  160®F  ±  2®F. 

S.  Determine  physical  properties,  as  applicable  to  coating  compounds,  coated 
fabrics,  or  seams,  on  the  aged  specimens. 

The  above  procedure  has  been  proposed  as  a  new  procedure  to  be  incorporated  in 
the  tank  specification  MIL-T-53IOI. 

ASTM  Reference  Fuel  B  was  the  immersion  medium  employed  by  Gates  and 
Goodyear  in  hose  testing  while  ARL  results  were  based  on  JP-5/JP-8  ST. 


Test  Results 

Results  of  tests  conducted  on  tank  and  drum  materials  and  actual  samples  of  the 
various  sizes  of  collapsible  and  non-col lapsible  hoses  are  summarized  in  Tables  I  through 
9  as  follows: 

Table  1  -  Results  for  Tank  Coating  Compound 

Table  2  -  Results  for  Tank  Coated  Fabric 

Table  3  -  Results  for  Tank  Seams 
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Table  4 
Table  5 
Table  6 
Table  7 
Table  8 
Table  9 


Results  for  Tank  Bonded  Fittings 
Results  for  500-Gallon  Drum 

Results  for  Collapsible  Hoses  -  Gates 

Results  for  Collapsible  Hoses  -  Goodyear 

Results  for  Non-Collapsible  Hoses  -  Gates 

Results  for  Non-Collapsible  Hoses  -  Goodyear 


Comparative  data  was  obtained  from  all  suppliers  and  these  results  are  included  in 
the  above  tables. 


Discussion  of  Results 


MIL-T-S3101  Tank  Components 

Coating  Compound 

While  the  initial  tensile  strength  and  elongation  of  the  urethane  coating  compound  is 
more  than  adequate,  retention  of  these  properties  and  volume  changes  after  immersion  in 
JP-8  and  ASTM  Fuel  B  are  unfavorable,  as  annotated  in  Table  I.  The  compound  failed 
to  meet  volume  swell  requirements  whether  exposed  to  either  fuel.  After  undergoing  the 
proposed  extraction/immersion  procedure,  the  14-day  volume  swell  and  property  retention 
results  were  comparable  to  those  for  Fuel  B  immersion,  but  the  42-day  results  indicated 
possible  continued  extraction  of  stabilizers.  For  unexplained  reasons,  tensile  retention 
after  14  days  immersion  in  water  was  less  than  that  observed  after  extraction/immersion 
for  a  s'milar  duration  but  volume  swell  was  lower.  The  results  for  42  days  water  immer 
sion  were  inadvertently  lost.  Limited  immersion  testing  conducted  by  Bell  Avon;  tensile 
strength  retention  after  Fuel  B  and  water  exposure  produced  higher  values  than  would  be 
expected. 

Bell  Avon  reported  98%  retention  of  the  coating  compound’s  tensile  strength  after 
1500  hours  of  accelerated  weathering.  Additionally,  favorable  results  were  obtained  by 
both  ARL  and  Beil  Avon  relative  to  washed  gum,  ozone  resistance,  and  brittleness  at 
-60®F.  The  modulus  of  rigidity  at  -60”F  (31,823)  was  indicative  of  significant  stiffening 
of  the  coating  compound.  This  could  impact  on  the  ability  to  readily  deploy  an  AFARE 
system. 

Coated  Fabric 

Results  for  the  coated  fabric  testing,  summarized  in  Table  2,  indicate  generally 
acceptable  conformance  to  the  MIL-T-53101  requirements.  Of  particular  note  is  that 
Fuel  B  diffuses  through  the  material  about  five  times  more  readily  than  JP-8.  This  is 
probably  due  to  the  higher  aromatic  content  of  the  former.  The  breaking  strengths  ob¬ 
tained  in  both  the  warp  and  fill  direction  are  acceptable  for  3K-  and  lOK-gallon  tank 
materials,  but  would  not  satisfy  the  500  Ib/in.  requirement  for  the  20K-galIon  tank. 
Puncture  resistance  (154  pounds)  is  adequate  for  all  sizes. 
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Bell  Avon  opted  to  use  a  single-coated  fabric  for  construction  of  all  tanks  regardless 
of  size.  Their  data  was  extracted  from  a  test  report  provided  by  Seaman  Corporation, 
the  supplier.  Results  were  comparable  with  tear  and  breaking  strengths  and  puncture 
resistance  values  were  higher  than  those  reported  by  ARL.  Retention  of  breaking 
strength  after  weathering  and  exposure  to  fungi  and  diffusion  of  Fuel  B  after  creasing 
and  low  temperature  exposure  was  also  favorable. 

Seams 

Noticeably  poor  results  were  evident  for  the  original  group  of  fabricated  seams 
subitted  by  Bell  Avon  for  evaluation.  Subsequently,  the  contractor  provided  a  second 
group  upon  which  all  results  in  Table  3  are  based.  The  initial  breaking  strength  for 
these  seams  was  adequate  for  3K  and  I  OK  tank  construction  but  did  not  conform  to  the 
higher  requirement  for  20K  tanks.  The  breaking  strengths  claimed  by  Bell  Avon,  using 
specimens  taken  from  fabricated  lOK  and  20K  tanks,  indicated  conformance  in  all  cases. 
Direct  immersion  in  JP-8  or  water  for  14  days  produced  an  apparent  increase  in  bond 
strength  in  the  former  instance  and  a  slight  decrease  in  the  latter.  In  both  cases,  confor¬ 
mance  to  the  20K  requirement  of  400  Ibs/in.,  minimum,  was  maintained.  JP-8  and  Fuel 
B  extraction/immersion  testing  for  14  and  42  days  produced  conformance  to  all  3K  and 
lOK  requirements.  Only  the  42  day,  JP-8-extracted  specimens  satisfied  the  20K  require¬ 
ment.  Beil  Avon  reported  high  but  conforming  values  after  Fuel  B  and  water  immersion. 

Data  for  seam  peel  adhesion  was  satisfactory  for  almost  all  configurations  tested, 
both  initially  and  after  fuel  immersion.  One  instance  of  failure  was  observed;  the  chaf¬ 
ing  patch  after  14  days  water  immersion.  Testing  of  JP-8  and  Fuel  B-extracted  speci¬ 
mens  was  restricted  to  typical  seams  only.  Here,  failures  were  noted  for  specimens 
immersed  in  water  for  14  days;  however,  subsequent  testing  after  42  days  immersion 
evidenced  no  further  loss  of  adhesion  and,  thus,  conformance  to  the  lower  requirement. 
Bell  Avon  reported  seam  peel  failures  in  four  of  the  five  Fuel  B  exposures  of  I  OK 
tank  seams  and  conformance  in  a|l  other  cases. 

Performance  of  both  the  coated  fabric  and  the  seams  thereof  was  generally  better  than 
would  have  been  expected,  particularly  the  poorer  results  observed  for  the  coating  compound. 

Bonded  Fittings 

The  U.S.  Army  Research  Laboratory  results,  cited  in  Table  4,  indicate  that  the  force 
required  to  separate  the  coated  fabric  from  segments  of  curved  and  straight  access,  and  vent 
drain  fittings,  was  less  than  the  minimum  required  by  MIL-T-53101.  Bell  Avon  data  for 
specimens  taken  from  lOK  and  20K  tanks  denote  conformance.  However,  as  has  been 
observed  in  similar  testing  of  other  fuel  tank  fittings,  a  strengthening  of  the  metal/coated 
fabric  bond  may  occur  during  periods  of  immersion  in  fuels  or  even  water.  Thus,  the 
higher,  conforming  values  after  immersion  as  reported  in  Table  4  would  be  considered  favor¬ 
able  and  in  all  probability  are  not  outliers.  Since  the  number  of  specimens  that  can  be  cut 
from  a  fitting  is  limited,  no  testing  of  extracted/immersed  segments  was  performed.  Both 
ARL  and  Bell  Avon  reported  acceptable  initial  aluminum  strip/coated  fabric  peel  adhesion. 
Peel  adhesion  after  JP-8  extraction  and  immersion  in  distilled  water  for  14  days  was  only 
6  Ibs/in.,  below  the  minimum  requirement  of  20  Ibs/in.  for  all  three  tank  sizes.  .  This  very 
limited  data  is  obviously  inconclusive;  however,  based  on  the  positive  results  obtained  in 
dead-load  and  post-immersion  testing,  bonded  fitting  performance  is  considered  favorable. 
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MiL-0-53092  -  SOO-Gallon  Drum 

Except  for  a  low  liner  hardness,  the  initial  and  heat-aged  properties  of  the  candidate 
SOO-gallon  drum  materials  were  within  the  limits  specified  in  MIL-D-53092  (see  Table  5). 
Conforming  results  were  also  obtained  for  fuel  and  oil  immersion  and  ozone  resistance. 
Fuel  permeability  was  excessive  and  considerably  greater  than  that  reported  by  Amfuel,  as 
was  the  compression  set  of  the  liner.  Compression  set  of  the  cover  material  and  washed 
gum  residue  were  satisfactory  and  in  close  agreement  with  data  cited  by  Amfuel.  The 
adhesion  between  cord  plies  and  between  the  cover  and  cord  plies  was  adequate  initially 
and  after  fuel  immersion,  but  failures  were  recorded  for  the  liner/cord  interface  in  both 
cases.  Puncture  resistance  was  not  measured  due  to  inability  to  obtain  the  proper  specimens. 

MIL-H-53095  -  Collapsible  Fuel  Hoses 

Gates  Hoses 

Data  for  the  two  lots  of  MIL-H-53095  hose  submitted  by  Gates  Rubber  Company  are 
summarized  in  Table  6.  The  first  lot  consisted  of  only  the  I-I/2-  and  4-inch  sizes  while 
all  requested  sizes  were  included  in  the  second  lot.  It  is  assumed  that  all  sizes  within  a 
specific  lot  were  made  from  the  same  compounds.  The  nature  of  any  mixing  or  fabrica¬ 
tion  modifications  employed  in  preparation  of  the  second  lot  are  unknown.  Agreement 
between  ARL  and  Gates  results  for  initial  tensile  strength  and  elongation  was  generally 
good,  as  was  conformance  to  the  specification  requirements. 

Obviously,  no  direct  comparison  can  be  made  between  ARL  and  Gates  results  for 
volume  change  since  Gates  data  are  based  on  Reference  Fuel  B  rather  than  JP-8.  The 
latter  fuel  is  not  readily  available  for  use  by  industry.  Tube  compounds  from  both  lots 
displayed  30%  swelling  in  JP-8  while,  as  would  be  expected,  corresponding  Gates  (Fuel 
B)  values  were  consistently  higher  and  somewhat  more  variable  (ranging  from  42%  to 
65%).  Again,  ARL/JP-8  results  for  volume  change  of  the  cover  compound  are  consistent 
and  within  limits  while  Gates  values  vary  considerably  between  lots.  Propylene  oxide, 
the  base  rubber  used  for  the  cover,  is  not  a  fuel-resistant  elastomer,  thus  explaining  the 
high  swelling  in  Fuel  B  as  recorded  by  Gates,  particularly  for  the  second  lot  of  hose. 

Immersion  of  the  tube  and  over  compounds  for  48  hours  in  either  ARL’s  JP-8  or 
Gates’  Fuel  B  produced  conformance  to  elongation  retention  requirements  in  all  cases. 
Retention  of  tensile  strength  was  inconsistent  with  failures  noted.  Instances  were  ob¬ 
served  where  better  retention  was  observed  for  the  cover  or  retention  after  JP-8  immer¬ 
sion  was  poorer  than  that  found  for  exposure  to  Fuel  B.  Rather  than  elucidate,  it  is 
apparent  that  performance  of  both  the  tube  and  the  cover  is,  at  best,  marginal. 

Assessment  of  pre-  and  post-immersion  adhesion  between  layers  comprising  the  hose 
structure  is  complicated  by  several  cited  instances  of  tearing  or  ply  separation  during 
testing.  In  most  cases,  tearing  can  be  attributed  to  difficulties  encountered  in  initiating 
a  separation  because  of  the  effectiveness  of  "strike  through"  during  hose  fabrication.  All 
instances  of  delamination  were  reported  by  Gates  and  occurred  between  the  ply  and  the 
tube  after  Fuel  B  immersion.  Corresponding  ARL/JP-8  results  were  lower  than  those 
obtained  for  cover/ply  and  ply/ply  separation.  Since  it  is  known  that  the  bonding  of  two 
different  elastomeric  compounds  can  be  difficult,  these  adhesion  results  are  considered 
fair  to  good. 
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Fuel-extracted  specimens  of  both  the  tube  and  cover  materials  passed  the  brittleness 
test  after  exposure  at  -60“F.  Gates  reported  single  values  for  the  modulus  of  elasticity 
of  the  tube  and  cover;  apparently,  as  determined  using  specimens  taken  from  test  slab 
material  rather  than  each  hose.  Tube  moduli  recorded  by  ARL  were  lower  while  cover 
moduli  were  higher  than  lose  cited  by  Gates.  Ail  ARL  and  Gates  tube  modulus  values 
met  the  specification  requirements.  The  modulus  of  ail  cover  specimens  taken  from  the 
second  lot  and  tested  by  ARL  exceeded  the  allowable  maximum. 

Variations  in  the  washed  gum  content  were  recorded  by  both  ARL  and  Gates  for 
the  different  hose  sizes  evaluated  with  some  failures  noted.  ARL  analysis  of  a  fuel 
specimen  furnished  by  Gates  produced  a  conforming  value  of  S.O  mg/ml.  which  was 
within  specification  limits.  No  failures  were  observed  in  the  remaining  qualification  tests 
conducted,  i.e.,  hose  weight  and  ozone  resistance. 

Goodyear  Hoses 

Prototype  lengths  of  all  sizes  of  MIL-H-53095  hoses  were  provided  for  evaluation 
with  ARL  results  summarized  in  Table  7.  Corresponding  Goodyear  data  consists  of  a 
single  composite  average  for  all  sizes.  Here  again,  supplier  fuel  immersion  data  reflects 
performance  in  Reference  Fuel  B.  Except  for  a  high  initial  tube  elongation  reported  by 
Goodyear,  original  tensile  strength  and  elongation  values  are  fairly  consistent  and  within 
specification  limits.  Volume  change  data  are  somewhat  anomalous  in  that  Goodyear  re¬ 
ported  lower  tube  swelling  in  Fuel  B  than  was  recorded  by  ARL  using  JP-8.  ARL  data 
for  swelling  of  the  cover  was  marginal  while  the  145%  cited  by  Goodyear  appears  to  be 
more  than  would  be  expected,  even  for  the  higher  aromatic  content  Fuel  B. 

Retention  of  tensile  strength  and  elongation  after  fuel  immersion  was  acceptable  for 
the  tube  component.  The  low  (34%)  tensile  retention  reported  by  Goodyear  is  again 
attributable  to  the  use  of  Fuel  B.  Corresponding  values  for  the  cover  were  poor;  all 
specimens  tested  did  not  retain  adequate  tensile  strength,  and  the  decrease  in  elongation 
was  rather  severe  when  contrasted  with  the  high  initial  values. 

The  problems  encountered  with  the  Gates  candidate  hoses  in  obtaining  valid  pre- 
and  post-immersion  adhesion  values  surfaced  again  but  no  incidents  of  delamination  were 
reported  by  ARL  or  Goodyear.  In  all  cases  where  values  were  obtained,  they  were  ac¬ 
ceptable.  The  only  exception  was  a  post-immersion  figure  of  I.S  pounds  for  the  ply/tube 
interface  (using  Fuel  B)  noted  in  the  Goodyear  data. 

The  Goodyear  hose  materials  satisfied  specification  requirements  for  ozone  resistance  and 
displayed  no  brittleness  at  -60"F.  Modulus  of  elasticity  of  the  hose  cover  after  fuel  extraction 
was  within  specification  limits,  while  that  of  the  tube  slightly  exceed  the  realistic  maximum 
value  of  10,000  psi.  Goodyear  reported  conformance  to  the  heptane- washed  gum  requirement 
of  <5  mg/100  ml,  but  three  of  the  four  values  obtained  by  ARL  exceeded  that  limit. 

MIL-H-53096  -  Noncollapsible  Hoses 

Gates  Hoses 

Arctic  Forward  Area  Refueling  Equipment  requirements  for  noncollapsible  (discharge) 
hoses  are  limited  to  those  of  2,  3,  and  6  inches  in  diameter.  Prototype  lengths  of  all  three 
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sizes  were  supplied  by  Gates  for  evaluation.  ARL  and  Gates  data  is  contained  in  Table  8. 
Reasonable  agreement  among  reported  conforming  values  for  original  tensile  strength  of 
the  tube  and  cover  was  obtained  while  significant  discrepancies  were  evident  in  the 
corresponding  elongation  data.  ARL  recorded  lower  values  for  both  tube  and  cover  with 
several  failures  noted. 

The  U.S.  Army  Research  Laboratory  volume  change  data,  using  JP-8,  indicated  confor¬ 
mance  of  both  the  tube  and  the  cover  while  Gates  values,  based  on  Reference  Fuel  B, 
denoted  higher  swelling  and  nonconformance  of  the  cover.  Elongation  retention  after 
immersion  was  satisfactory  in  all  cases.  Results  for  retention  of  tensile  strength  were 
somewhat  anomalous  and  inconsistent.  Tube  failures  were  observed  in  four  of  the  six 
ARL/Gates  tests  conducted  while  Gates  reported  significantly  higher  cover  retention  even 
though  Fuel  B  was  used.  Here,  only  the  6-inch  hose  cover  passed  in  ARL  testing. 
Performance  of  the  non-fuel  resistant  cover  was  better  than  expected. 

Again,  the  adhesion  results  are  difficult -to  interpret  due  to  incidences  of  tearing  and 
delamination,  as  well  as  difficulty  in  removing  the  wire  reinforcement  from  the  6-inch 
hose.  In  all  cases  except  one  (Gates,  6  inch),  the  reported  values,  both  initially  and  af¬ 
ter  immersion,  were  acceptable  but  the  ARL  result  for  post-immersion  ply/tube  adhesion 
was  marginal. 

Both  the  tube  and  cover  passed  all  -60°F  brittleness  tests.  Neither  ARL  or  Gates 
conducted  a  separate  modulus  of  elasticity  test  on  this  hose  with  the  latter  reporting  the 
same  values  given  for  the  collapsible  hose. 

Goodyear  Hoses 

Data  supplied  by  Goodyear  for  the  noncollapsible  hoses  again  consisted  of  composite 
averages  for  the  three  sizes  under  consideration  with  Reference  Fuel  B  being  used  in  lieu 
of  JP-8.  ARL  results  are  for  the  2-  and  3-inch  sizes,  plus  another  3  inch  so-called  ex¬ 
perimental  hose.  Initial  tensile  strength  and  elongation  data  evidenced  no  instances  of 
non-conformance  with  the  only  recorded  outlier  being  the  seemingly  high  730%  cover 
elongation  claimed  by  Goodyear.  Volume  change  of  the  tube  was  acceptable  while  that 
of  the  cover  was  marginal  for  the  3  inches  and  beyond  the  specified  limit  for  all  others, 
including  the  single  Goodyear  value  of  145%  (Fuel  B).  Retention  of  tensile  strength  of 
the  tube  after  JP-8  immersion  was  favorable  in  ARL  testing  and  below  minimum  40% 
according  to  Goodyear  (based  on  use  of  Fuel  B).  All  cover  specimens  failed  this  test. 
Elongation  retention  of  both  the  tube  and  cover  was  within  limits. 

Numerous  instances  of  tearing  during  adhesion  testing  were  recorded.  All  reported 
values  were  high  (30  ppiw)  except  for  failures  registered  by  Goodyear  subsequent  to  fuel 
immersion.  Assuming  that  problems  encountered  were  due  to  strong  bonding  between 
layers,  adhesion  is  considered  acceptable. 

Low  temperature  properties;  brittleness  and  modulus  of  elasticity,  were  satisfactory 
although  Goodyear  reported  a  modulus  which  was  more  than  twice  that  cited  by  ARL. 

Of  the  remaining  properties  evaluated;  washed  gum,  weight,  crush  resistance  and  recov¬ 
ery,  and  ozone  resistance,  the  only  failure  noted  was  the  low  (64%)  crush  resistance 
of  the  experimental  hose. 


9 


Conclusions 


MIL*T>53101  Tank  Components 

Bell  Avon's  fabric  coating  compound  performed  poorly  in  several  of  the  fuel  and 
water  immersion  tests  conducted  by  ARL.  Particularly  significant  is  the  large  decrease  in 
properties  of  fuel-extracted  specimens  after  42  days  exposure  in  JP-8,  indicative  of  suscepti¬ 
bility  to  leaching  out  of  ultra-violet  stabilizers  and  probable  accelerated  degradation.  This, 
combined  with  excessive  stiffening  at  -60°F,  is  indicative  of,  at  best,  marginal  acceptance. 

The  single-coated  fabric  proposed  by  Bell  Avon  for  fabrication  of  3K-,  10K-.  and 
20K-gallon  tanks  failed  to  satisfy  the  breaking  strengths  requirement  for  the  20K  size  in 
ARL  testing  and  did  not  pass  the  initial  Fuel  B  diffusion  test.  Conformance  to  all  other 
MIL-T-53101  requirements  was  attained. 

As  determined  by  ARL,  the  Bell  Avon-furnished  seams  failed  the  20K-gallon  tank 
requirements  for  initial  breaking  strength,  initially,  and  after  the  1 4  day  extraction/immer¬ 
sion  procedure.  Seam  peel  values  subsequent  to  similar  aging  were  also  below  those 
cited  for  all  three  sizes.  However,  good  performance  after  the  42-day  exposure  is  indica¬ 
tive  of  adequate  resistance  to  degradation  caused  by  leaching  out  of  urethane  stabilizers. 

The  U.S.  Army  Research  Laboratory  results  for  initial  breaking  strength  of  bonded 
fittings  were  in  disagreement  with  those  provided  by  Bell  Avon.  Otherwise,  except  for 
a  low  peel  adhesion  after  the  14  day  JP-8  extraction/immersion,  all  other  specification 
criteria  were  satisfied. 

500-Gallon  Drum 

The  Amfuel  candidate  drum  material  did  not  satisfy  all  MIL-D-53092  requirements; 
displaying  low  hardness  and  high  compression  set  of  the  liner  compound.  Additionally, 
liner/cord  adhesion  initially  and  after  JP'8  immersion  was  poor.  Fuel  permeability,  as 
measured  by  ARL,  was  excessive  and  should  be  checked  further  before  acceptance. 

Collapsible  Hoses 

The  fuel  resistance  and  adhesion  properties  of  the  Gates  hoses  were  inconsistent  with 
some  failures;  particularly  of  the  cover  compound  observed.  Most  of  the  ply  adhesion 
failures  were  attributable  to  tearing  rather  than  weak  bonding.  Thus,  these  hoses  are 
considered  marginally  acceptable  as  an  AFARE  component. 

Because  of  the  extremely  poor  fuel  resistance  of  the  cover  compound,  Goodyear 
hoses  are  not  recommended  for  inclusion  in  the  proposed  AFARE  system. 

Noncollapsible  Hoses 

Comments  regarding  the  fuel  resistance  for  the  Gates’  collapsible  hoses  are  also 
applicable  to  these  hoses.  Ply  adhesion,  where  measurable,  was  satisfactory.  Poor  initial 
elongation;  particularly  of  the  cover,  warrants  further  testing.  Over-all  performance  is 
indicative  of  consideration  in  the  AFARE  program. 

Again,  failure  of  the  cover  compound  of  Goodyear  hoses  to  conform  target  requirements 
for  fuel  resistance  disqualifies  them  for  further  consideration  as  an  AFARE  component. 
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Table  1 .  MIL-T-53101  •  Arctic  fuel  tank  properties  of  coating  compound 


PROPERTY 

LNL-T-SStOI 

REOUIREMENTS 

testmcthoo 

OR  PAR.  NO. 

ARL 

RESULTS 

ORMHWM  PROFERneS 

TENS8JE  STRENQTH.  PSt. 

ISOO(UM) 

ASTM04ta 

3410 

ULTIMATE  ELONGATION.  % 

300  (MSV) 

ASTMD4I2 

aao 

PROPERTIES  AFTER  IMMERSION  IN 

JPa  •  ISOF  FOR  14  DAYS 

TENSU  STRENGTH  RETAINEO.  K 

«>K(MSV) 

ASTMOon/ 

P 

OONGATION  RETAINEO.  % 

VOLUME  SWELL  % 

SM<MIN) 

2S%(MAX) 

ASTM04I2 

ASTM  0  471 

F 

90 

41 

PROPERTIES  AFTER  IMMERSION  IN 
RJELSe  iaQFF0R14  0AYS 

TEMSU  STRENGTH  RETAINED.  % 

00%  (MW) 

AS TM  0471/ 

F 

74 

ELONGATION  RETAINED.  % 

00%  (MM) 

ASTM  0  412 

100 

VOLUME  SWELL  « 

2S%(MAX) 

ASTM0471 

F 

32 

pnO(>EimES  AFTER  JP-S  EXTRACTION 
ANO  IMMERSION  IN  WATER  «  ISOF  FOR 
14  DAYS 


TENSILE  STRENGTH  RETAINED.  % 

7S%(MtN) 

ASTM  0  471/ 

M 

ELONGATION  RETAINED.  % 

aO%<MIN) 

ASTM  0  412 

VOLUME  SWELL  % 

10%  (MAX) 

4.5.2.22 

F 

42  OATS 

TENSILE  STRENGTH  RETAINEO.  % 

70%  (MIN) 

ASTM  0  471/ 

F 

ELONGATION  RETAINEO.  % 

73%  (MIN) 

ASTM  0412 

M 

VOLUME  SWELL  % 

10%  (MAX) 

4.5.2.22 

F 

PROPERTIES  AFTER  IMMERSION  IN  WATER 
•  160FFOR 
14  DAYS 


TENSU  STRENGTH  RETAINEO.  % 

7S%(MIN) 

ASTM  0471/ 

F  50 

ELONGATION  RETAINEO.  % 

90%  (MIN) 

ASTM  0412 

101 

VOLUME  SWELL  % 

10%  (MAX) 

4 

42  DAYS 

TENSILE  STRENGTH  RETAINEO.  % 

70%  (MIN) 

ASTM  0  471/ 

— 

ELONGATION  RETAINEO.  % 

75%  (MIN) 

ASTM  0  412 

— 

VOLUME  SWELL  % 

RESMTANCE  TO  LIGHT  AFTER 

ISOO  HRS  ACCEL  WEATHERINa  9 

tOK  <MAX) 

ASTM  0  750/ 

ASTM  0  2598 

10%  ELONGATION 

TENSEE  STRENGTH  RETAINEO.  % 

60%  (MIN) 

NO  TEST 

n/EL  CONTAMINATION;  JP-S 

HEPTANE  WASHED  GUM.  MG/IOOML 

5  (MAX) 

4.5.i1.1 

10 

OZONE  RESISTANCE 

NO  CRACKS 
UNOeiTX 
MAGNIFICATION 

ASTM  0  1149 
TYPEASPEOMENS 

PASS 

LOW  TEMPERATURE  PROPERTIES 

CONOmONEO  94  HRS  • -aOF 

O*  MOOULUS  OF  RK3IOITY 

100.000  PSI 
(MAX.) 

ASTM  01083 

TYPE  a  SPECIMENS 

31023 

BRITTLENESS 

NOCRACKWO 

ASTM  0  748 

PASS 

F  •  Failur* 

M  >  MwgFW 
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T able  2.  MIL-T-531 01  -  Arctic  fuel  tank  properties  of  coated  fabric 


COATED  EASnC 

WWPWTV 

MIL-T-S3101 

REQUIREMENTS 

A8TM/FTM8  101 

METHOD  OR 

PMLNO. 

ARL 

RESULTS 

BELL  AVON 

RESULTS 

SK/IOKOOK  GAL 

WeOHT.  (02/30  VO) 

30  Mm.  82  MAX 

2JL7 

33.4 

OimjSION  RATE  JP-a 

PL02/SOFT/a4Hn.  MAX. 

.I2/.I2/.I2 

4.S.X1.S 

0.052 

OVnjSUN  RATE  nJEL-a 

PL  OZ/SQ  nr/24  HR.  MAX. 

12/.12/.I2 

4.S.2.1.S 

F  0.288 

_ 

tear  strength.  WARP/nu. 

LB..  MIMMUM 

2S/2S/3S 

101/5134 

40/40 

S2/44 

aREAMNG  strength 

WARR/nu.  LB/IN.  Mm 

3SOOSO/SOO 

191/5102 

480/441 

744/611 

PUNCTURE  («SISTANC6 

L88..  MINIMUM 

110/1 10/1  SO 

101/5120 

154 

204 

weathering  RESISTANCE.  ISOO 

HRS  AT  S%  ELONG 
breaking  STRENGTH  RETENTION - 
WARP/BLL  %.  MIN. 

ao/so/ao 

101/5804/5102 

ASTM  0  2585 

90 

LOW  TEMPERATURE  CREASE 
resistance 

appearance  after  unfouxng 

NO  CRACKS 

OR  oelaannation 

UNDER  TX  LENS 

45.^1. 5 

PASSED 

PASSED 

DIFFUSION  RATE.  JP-S 
a  027SO  ft/24  HRS.  MAX 

3/.3/.3 

4  5.2.1  2 

0.018 

DIFFUSION  RATE.  FUEL  B 
a  02«Q  ft/24  HRS.  MAX 

3/.3/.3 

4.5.2.1.3 

0.2921 

aNGUS  RESISTANCE 

APPEARANCE 

BREAKING  STRENGTH  RETAINED 

WARP  A  FILL.  %.  MIN 

NO  CRACKS.  BLISTERS. 
OR  OELAMINATION 

OF  COATING 

eomomo 

191/5732 

101/5102 

NO  TEST 

NO  TEST 

90 

BLOCKING 

SEPARATION  IN 

S  SECONDS 

4.5.2.18 

PASSED 

PASSED 

COATING  ADHESION 

INITIAL.  LB/IN.  MIN 

20/20/20 

4.5.2.17 

4.5.2.17.1 

81 

92 

AFTER  FUEL  IMMERSION.  JP^ 

FOR  14  DAYS  AT  ISO  F 

LBRN.  MIN 

10/10/10 

ASTM  0471  (15.2) 
4.5.2.17 

4.S.Z17.1 

45 

••  37 

AFTER  aiEL  EXTRACTION,  JP-8 

ORCO.  ANO  immersed  m 

WATER  AT  too  F  FOR; 

14  DAYS,  LB/IN.  MIN 

10/10/10 

ASTM  0471  (15.2) 
4.5.2.17 

4.5.Z17.1 

4.5.2.22 

28 

42  DAYS.  LB/m.  Mm 

a/a/s 

•  •  ■ 

15 

'  •  Nm  20  K  naqumnwit 
••  "  rg«l  8 
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Tables.  MIL-T-53101-Arctic  fuel  tank  properties  of  seams 


SCAM  AtTMlTTMt  tt1  AM. 
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U0AVt#1«F  SM 

AmR  njo-exTRAcnoN.  jp-« 

OWED.  AMO  MMOSION  IN 
OIC'nUfiD  WATOI  AT  1«0  f  fOA 
140AVC.IMN.MM  SM 

4aOAVS.4JAN.MM  SM 
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ASni0  471  (18.9 
44.a.fS.  4  s.2Ja 


ASTMOniMCTN.  J 

ASni  0  471  (1SJI 

44.2.1s.  4.S44a 

aasMMo 

JSB/MSMSO 


OCMLOMSHCAARCSMTANCC  O.lSSMSt#.  (MAX) 

UNOCNSSUAMSTNCSSAT  «44.tS 

iSSAAORSMOUM 
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MirtAL,  UAN.  MM  SM  3Q/90M 

fP 


ASTM  0  4U.  MACH.  MCTH 
444.1s 


CR 


AATCN  MMOWON  M  M 
SONMOAVSATISSS 
UAN.  MM 


EC 

SM  SB/MB 

rs 


CR 
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UAN.  MM 


CC 


CF 


AATCN  MATCN  MMOISK3N 
AON  14  OAVt  AT  1SS  A 
UAN.  MM 


CC 

SM  BOOm 
AA 

HA 


CA 


imN  WATCN  MMCNSON 
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UAN.  MM 


CC 
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AA 


CA 
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AtTM0  471  (ISO 
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47 

4S 

St 


AtTM  0412  MACH.  MCTH  14 

AtTM  0471  (123)  SO 

444.1s  SO 

44 

M 


AtTM  0  412  MACH.  MCTH  BO 

AOTM  0  471  (129  ^1 

44.21s  TS 

74 

AAAJD 


AtTM  0  412  MACH.  MCTH 
AtTM  0  471  (104) 

44.21S 


ASTM  0  412  MACH.  MCTH. 
AtTM  0  471  (104) 

44.212  44.a4S 


l40AVt.UAN.MM  SM  SBWMB 

4a0AV2UAN.MN  SM  i«1S/iS 


tfT0i  mlpC  cmscnoN 

ON0.  AND  ONMNOMM  M 
0OT2U0WATOIAT100A 
AON; 

14  OAVt.  UAN.  MM 
4t  OAVt.  UAN.  MOL 
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AtTM  0  471  (10.9 
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Table  4.  MIL-T-53101  -  Arctic  fuel  tank  properties  of  bonded  fittings 


FITTING 

PROPERTY 

MIL-T-S3101 

REQUIREMENTS 

ASTM/FTMSIOI 
METHOD  OR 

PAR.Na 

ARL 

RESULTS 

3K.  10K.20KGAI. 

AUMNUM  TO  COATED  FABRIC 

AC 

4.9.2.20 

••  374 

BONO,  BREAKINa  STRENGTH, 

VO 

4SJL2ai 

*•  329 

INITIAL.  LB/IN.  MN 

AS 

40Q/400/S30 

»  324 

AFTER  lAttylERSION  IN  JPe 

AC 

ASTM0471  (19.2) 

971 

AT  ISO  F 

VO 

4.9.2.20 

499 

FOR  14  DAYS,  LB/IN.  MIN 

AS 

200/290/400 

4.9.2.20.1 

781 

AFTER  IMMERSION  IN  FUEL  B 

AC 

ASTM0471  (19.2) 

916 

AT  160  F 

VO 

4.9.2.20 

937 

FOR  14  DAYS,  LB/IN.  MIN 

AS 

290/290/400 

4.9.2.20.1 

639 

AFTER  IMMERSION  IN  WATER 

AC 

ASrM0471  (19.2) 

— 

AT  160  F 

VO 

4.9.2.20 

939 

FOR  14  DAYS,  LB/IN.  MIN 

AS 

290/290/400 

4.9.2J20.1 

924 

AFTER  IMMERSION  IN  WATER 

AC 

ASTM0  471  (19.2) 

699 

AT  160  F 

VO 

4.9.2.20 

— 

FOR  42  DAYS.  LB/IN.  MIN 

AS 

290/290/400 

4.9.2.20.1 

701 

AFTER  EXTRACTION  IN  JP-6. 

DRIED.  AND  IMMERSION  IN 

AC 

ASTM0  471  (19.2) 

— 

distilled  water  9  1 60  F 

VO 

4.9.2J20,  4.9.2.20.2 

— 

FOR  14  DAYS,  LB/IN,  MIN 

AS 

32S/329/4SO 

4.9.2J2 

AC 

ASTM0471  (19.2) 

— 

42  DAYS,  LB/IN.  MIN 

VO 

290/290/400 

4  9.2.20.  4.9.2.20.2 

AS 

4.9JL22 

DEAD  LOAD  SHEAR  TIESISTANCE 

UNDER  60  LB/IN.  STRESS  AT 

4.9.2.19 

1 60  F  FOR  8  HOURS 

0.1 2S  M.  SUP  (MAX) 

4.9.2.20.3 

PASS 

PEEL  ADHESION  OF  ALUMINUM 

STRIP  TO  COATED  FABRIC 

ASTM0429.  METH>  B 

INITIAL,  LB/IN.  MIN 

30/30/30 

4.9.2.21 

0 

AFTER  IMMERSION  IN  JP-6 

ASTM0429.  METH.  B 

FOR  14  DAYS  AT  160  F 

ASTM0471  (19.2) 

LB/IN.  MIN 

20/20/20 

4.9.2.21 

0 

AFTER  EXTRACTION  IN  JP-6. 

ASTM0429.  METH.  B 

ORIEO.  AND  IMMERSION 

ASTMD471  (19.2) 

DISTILLED  WATER  AT  160  F 

4.9.2.21,4.9.2.22 

FOR: 

14  DAYS,  lb/in.  MIN 

20/20/20 

••  6 

42  DAYS.  LB/M.  MM 

1S/19/19 

0 

*  -  FaMdSOKItoquifWfMnl 

**  «  fmM  S.  10.  a  20  K  Raquiramani 

AC  >  Aecwa  FHUng-Cuivad  AS  ■  Acom*  Fitllng>Straighl 

VO  >  V«nl  Drain  Fitting 
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Table  5.  MtL-0-53092  -  500-GaUon  Drum  ARUAMFUEL  Results 


PBOPCBTY 

REOUIRCMENT 

TESTPROC. 

OR  PAR  NO. 

ARL 

RESULTS 

AMFUEL 

RESULTS 

T1NSII£  STMENQTH.  COVCR.  PSI 

ISOOMM. 

ASTM  0  413 

1803 

1843 

TCNSlie  STIKNaTH.  UNEA  PSI 

ISOOMM. 

ASTM  0413 

2050 

1789 

ELONOATION.  COVCR  % 

2S0Min. 

ASTM  0  413 

2B0 

335 

eUSNOATKSN.  UNCR  % 

290  Min. 

ASTM  0413 

457 

450 

HAflONCSS.  COVCR  PTS 

SS-65 

ASTM  0  2240 

85 

SO 

HARONCSS.  UNCR.  PTS 

S5^ 

ASTM  0  2240 

SO  F 

61 

HEAT  RESISTANCE  •  70  HOURS  AT  100  C 

TENSILE  STRCNOTH  CHANGE.  COVER  % 

-20  Max. 

ASTM  0  973 

2 

3 

TENSILE  STRENGTH  CHANGE.  UNER.  % 

-20  Max. 

ASTM  0  373 

1 

8.1 

ELONGATION  CHANGE.  COVER.  % 

■40  Max. 

ASTM0S73 

— 

-45 

ELONGATION  CHANGE.  UNER.  % 

•40  Max. 

ASTM  0  573 

— 

-10 

HARDNESS  CHANGE.  COVER.  PTS 

IS  Max. 

ASTM  0  573 

— 

3 

HARDNESS  CHANGE.  UNCR.  PTS 

FUEL  IMMERSION  ■  70  HOURS  AT  23  C  IN  JP-fl 

IS  Max. 

ASTM  0  573 

7 

VOLUME  CHANGE.  UNER  % 

SO  Max. 

ASTM  0  471 

!7 

(1)  21 

OK.  IMMERSION  •  TO  HOURS 

AT  100  C  IN  ASTM  OIL  NO.  3 

VOLUME  CHANGE.  UNER  % 

SO  Max. 

ASTM  0  471 

13 

2.3 

VOLUME  CHANGE.  COVCR.  % 

OZONE  RESISTANCE  -7  DAYS 

120  Max. 

ASTM  0  471 

68 

9.4 

AT  AO  C  SOiTiPa  ANO  20%  ELONGATION 

UNER 

NoCracua 

ASTM  01149 

PASS 

PASS 

COVER 

NoCnefca 

ASTM  01140 

PASS 

PASS 

FUEL  PEHMCAOUTY. 

FL  OZ/SO  FTt  24  HOURS 

1  SMax. 

ASTM  0  814/ 

45.2.1.1 

24  F 

0.78 

COMPRESSION  SET 

UNER  % 

S0%Max 

ASTM  0  395 

98  F 

23 

COVER  % 

80%  Max. 

ASTM  0  395 

4  5.3.1  2 

39 

40  1 

RJEL  CONTAMINATION  HEPTANE 

WASHED  EXISTENT  GUM.  MG/100  ML 

7  mo.  Max. 

ASTM  0  351/ 

4.5.21  3 

0.5 

2.2 

ADHESION 

BETWEEN  CORO  PUE3.  LB/IN 

lOppn*  Mxi 

ASTM  0  751 

31 

17 

BETWEEN  Ur«R  ANO  CORO.  LBKN 

lOppiwMin. 

ASTM  0  751 

8.5  F 

13 

KTWEBI  COVCR  ANO  CORO.  LBAN 

10  pp(w  Min. 

ASTM  0  751 

20 

13 

ADHESION  AFTER  IMMERSION 

FOR  70  HOURS  AT  23  C  IN  JPW 

BETWEEN  CORO  PUES.  LBAN 

SppiwMin. 

ASTM  0  751 

13 

— 

BETWEEN  UNER  ANO  CORO.  LBFN 

SppmrlMin. 

ASTM  0  751 

1  F 

— 

BETWEEN  COVER  ANO  CORO.  LBKN 

SppmrMa* 

ASTM  0  751 

a 

PUNCTURE  RESSTANCE-LBB. 

200  iba.  Mn 

45.2.1.4 

— 

387 

(1)  -  nMum  (or  M.  Fue  s 


IS 


TaM6.  MIL-H-S30Q6 


»ului»  Ol'GamllaMMiMwilonRal  fya4B  131 

(2)  SpM.wn«nft  foi* 


Table  7.  MIL-H-S309S  -  Collapsible  hoses  ARUGoodyear  results 


PROPERTY 

requirements 

MIL  H-930e9  ,  , 

PAR.  NO.  ’ 

ARLRaaults 

r 

3* 

4' 

SoopyMf  Hatui’.s 

(2) 

« 

ORIGINAL  PROPOrnES 

TENSOJE  STRENGTH.  PSI. 

TUBE 

1290  pM  MIN 

4.9.2.3 

3147 

2737 

3171 

3318 

3380 

COVER 

1000  pW  MIN 

4.S.2.S 

1877 

1790 

1883 

1728 

1890 

ELONGATION.  % 

TUBE 

200%  MIN 

4.9.2.S 

410 

387 

418 

388 

927 

COVER 

200%  MIN 

4.9.2.3 

708 

883 

781 

897 

730 

.  VOLUME  CHANGE.  48  hra  IN  JP-8.  RT 

TUBE  (1)  «0«.  MAX 

4.32.4 

38 

38 

28 

28 

27 

COVE  (1) 

100%.  MAX 

4.S.2.4 

109  F 

98  M 

102  M 

103 

M  143 

TENSILE  ANO  ELONGATION 
AFTER  IMMERSION  IN  JP-S 
POR48lir*9RT  (1) 

TENSILE  STRENGTH.  TUBE.  PSI 

800p*i/40% 

49.2.4 

1382/44 

1288/47 

e 

1289/41 

1883/91 

1199/34  P 

ELONGATION.  TU8&  % 

100%  (HAN) 

4.3.2.4 

248 

294 

229 

294 

280 

TENSILE  STRENGTH.COVER.  PSI 

600p*V40% 

43.2.4 

383/22  F 

241/14  F 

148/8  F 

298/19 

F  489/29  F 

ELONGATION.  COVER.  PSI 

100%  (MIN) 

49.2.4 

.  23S 

118 

111  M 

182 

183 

ORIGINAL  ADHESION 

BETWEEN  COVER  ANO  PLY 

lOppiw 

49.2.9 

(3) 

(3) 

<3) 

(3) 

30.2 

BETWEEN  PUSS 

10  PPM 

4.9.2.9 

28 

28 

38 

49 

449 

BETWEEN  PLY  ANO  TUBE 

lOppM 

49.2.9 

(3) 

49 

89 

(3) 

50  5 

ADHESION  AFTER  IMMERSION 

IN  JP-S.  48  hr*.  9  RT  (1) 
BETWEEN  COVER  ANO  PLY 

SppM 

4.9.2.S 

(3) 

(3) 

(3) 

40 

(3) 

BETWEEN  PUES 

6ppM 

4.9.2.S 

23 

30 

28 

31 

10.6 

BETWON  PLY  ANO  TUBE 

SppM 

4.9.2.S 

(3) 

Q) 

24 

19 

15 

BRITTLENESS.  -80  F.  AFTER  PLCL 
EXTRACTION 

AITUBE 

NONE 

49.2.7. 1 

PASS 

PASS 

PASS 

PASS 

PASS 

B)  COVER 

NONE 

4.92.7.1 

PASS 

PASS 

PASS 

PASS 

PASS 

MODULUS  OF  ELASTICITY,  eo  F 
AFTat  FUEL  EXTRACTION 
.  AITUBE 

<100.000  p«l 

4.9.2.72 

10870 

8888 

18284 

18429 

19650 

B)  COVER 

<9.000  p*i 

4  9.2.7.2 

438 

423 

987 

488 

4848 

HEPTANE  WASHED  SUM 

<9fno/100ml 

4.9.2.8 

7  F 

8  F 

14  F 

9 

1  75 

WEIGHT.  LbWFt 

1/1.129/1.79/2.9 

— 

0.9 

0.7 

1.0 

1.9 

— 

OZONE  resistance 

NOCRACXS^TX 

4.9.2.10 

PASS 

PASS 

PASS 

PASS 

-^HR.,90PPHM 

F-Pmn  (l)-(3oedyMrR«MiHBBaMdonF«Mia  (9)  •  SpwaiMna  Ter* 

U-MareifMl  (2)  -  Ava'afleforFourSina 
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Table  8.  MIL-H-53096  -  Non-coUapsible  hoses  ARUGates  results 


PNOPCRTr 

REOUIREMENTS 

MILH-S30ad 

2-ARL 

3-ARL 

3.GNW 

a-ARL 

8-Gatw 

PAR  NO. 

onaNALPMoeeRTies 

TOaiiasTRENQTH 

tuatpe. 

1280  p*.  MIN 

4.S2.3 

3752 

2520 

2415 

24as 

1970 

2340 

COVER,  pat 
&ONaATK3N 

1000  p«  MM 

4.S3J 

1190 

1117 

1324 

1000 

M 

1521 

1335 

TUaE.% 

200%.  MIN 

4.sxa 

239 

aao 

241 

821 

133  F 

873 

COVER.% 

200%.  MIN 

4.S.2.3 

142  F 

353 

187 

F 

291 

lao  F 

400 

VOLUME  CHANGE.  AFTER  IMMERSION 

IN  JR-S  FOR  70  hrs  9  RT  (1) 

TUBE.% 

a0%.  MAX 

4.S.2.4 

31 

SO 

X 

49 

31 

S2 

COVERTi 

100%.  MAX 

4.S.2.4 

aa 

110 

F 

aa 

109 

F 

85 

115 

F 

TENSUE  ANO  ELONGATION  RETENTK3N 

after  IMMERSION  IN  JPe  (1) 
FOR70hn«RT 

TUBE.  TEN.  STR./%I«T. 

aOOpti/40% 

4S.2.4 

101507  F 

850/34 

F 

1050/43 

925/37 

F 

1043/50 

861/37 

F 

ELONGATION.  % 

100%  (MIN) 

4.S.2.4 

320 

334 

337 

300 

223 

310 

COVER.  TEN.  STR./%  RET. 

aoaps/40% 

4S.2.4 

525/44  F 

72S/SS 

574/43 

F 

829/83 

619/45 

773«8 

ELONGATION.  % 

100%  (MIN) 

45.2.4 

lao 

ITS 

laa 

154 

100 

185 

ORIGINAL  ADHESION 

aErVUON  COVER  ANO  PLY 

lOpprw 

45.2.5 

25 

31 

28 

33 

(3) 

— 

BETWEEN  PUES 

lOppiw 

31 

53 

(2) 

49 

(3) 

— 

BETWEEN  PLY  ANO  TUQE 

lOppiW 

(S) 

32 

27 

24. 

(3) 

adhesion  AFTER  IMMERSION 

mjpe.  7onrt.«RT(i) 

BETWEEN  COVER  ANO  PLY 

appiw 

4.5.25 

25 

(3) 

(3) 

(3) 

(3) 

(3) 

BETWEEN  PLIES 

appiw 

25 

10 

43 

10 

(3) 

10 

BETWEEN  PLY  ANO  TUBE 

appiw 

25 

a 

M 

37 

(4) 

(3) 

3 

F 

aRITTLENESS.  40  F.  AFTER  FUEL 

EXTRACTION 

TUBE 

NONE 

4  5.2.7  1 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

COVER 

NONE 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

MODULUS  OF  ELASTIOTY.  40  F 

AFTER  FUEL  EXTRACTION 

TUBE 

<100.000  p« 

45.2.72 

43000 

42000 

42000 

COVER 

<s.aoopa 

3300 

3300 

— 

3300 

heptane  was>«o  gum 

amg/IQOmlMAX 

14  F 

3.0 

19 

F 

28 

- 

2 

WEtQHT.  LM/«L 

1.;iaaiS.75 

— 

13 

1.25 

2.1 

^1 

46 

5.35 

CRUSH  resistance.  •  ipM.  I<»d.  aSK  Ortg.  0.0. 

4.5.Z9 

ar 

— 

aa 

— 

93 

— 

CRUSH  RECOVERY,  no  loM.  % 

90%Ong.O..O. 

4.9.za 

95 

aa 

90 

— 

OZONE  REStSTANCE 
7aHN..S0PPHM 

NO  CRACKS 

4.S.2.10 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

f.fmum  (1)-a«e*a«ulitBM«donRil.  ftiea  (3)  -  Coud  Noi  nsnewa  Mra 

M  •  MMjnM  (3)  •  8p«c«mn«  Tor*  (♦)  -  Spoewrotw  Ootanwiaiad 


Table  9.  MIL-H-53096  -  Norvcoliapsibie  hoses  ARL/Goodyear  results 


WWP6BTY 

REQUIREMENTS 

mil-h-ssom 

PAR.  NO. 

arlrmum 
r  r 

GooayMr  Rwuit 

exp  (2) 

<»WlNALPfWPB«1ES 

TMlLESTneiaTH 

njaepe. 

ISSOpW.  MIN 

4.SIS 

3307 

2417 

4473 

3380 

COVER.  p«. 

1000  pa.  MIN 

4.S.2.3 

1803 

1888 

1888 

1890 

ELONOATION 

Aiae.% 

300%,  MIN 

4.S.^3 

288 

233 

400 

527 

COVEH,% 

VOLUME  CHANGE.  70  tvs  IN  JPS.  RT 

200%.  MIN 

4.S.2J 

298 

228 

378 

730 

TUBe.%  (1) 

fl0%.  MAX 

4.S.2.4 

29 

36 

42 

27 

COVBl  %  (») 

TENSILE  ANO  ELONGATION  RETENTION 

100%.  MAX 

4.S.2.4 

102  M 

106  F 

110  F 

145  F 

AFTER  IMMERSION  IN  JP-S 

PORTDIwstfRT 

TUBE,  TEN.  STR.,%  RET. 

(<) 

aoQpa/40% 

4.S.2.4 

1505/47 

1308/54 

3830/81 

1115/34  F 

ELONGATION.  % 

(') 

100%  (MIN) 

4.S.3.4 

211 

215 

287 

280 

COVER.  TEN.  3TR..%  RET. 

(1) 

aOQpa/40% 

4.5. 2.4 

273/18  F 

358/10  F 

370/20  F 

485/25  F 

ELONGATION.  % 

(1) 

100%  (MIN) 

4.S.2.4 

166 

225 

220 

163 

ORtOINAL  ADHESION 

BETWEEN  COVER  ANO  PLY 

10  ppm 

4.S.ZS 

31 

(3) 

so 

35 

BETWEEN  PLIES 

(1) 

to  ppm 

40 

(3) 

(3) 

45 

BETWEEN  PLY  ANO  TUBE 

(1) 

to  ppm 

(3) 

44 

(3) 

43 

ADHESION  AFTER  IMMERSION 

IN  JPe.  7Q  rws.  •  RT 

BETWEEN  COVER  ANO  PLY 

(1) 

appm 

49.2.6 

(3) 

(3) 

(3) 

(3) 

BETWEEN  PUES 

(1) 

eppm 

41 

43 

(3) 

73 

BETWEEN  PLY  ANO  TUBE 

(1) 

6ppm 

42 

37 

(3) 

32  F 

BRITTLENESS.  -00  F,  AFTER  FUEL 

EXTRACTION 

TUBE 

COVER 

MODULUS  OF  ELASTICITY.  -90  F 

NONE 

NONE 

45.2.7.1 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

AFTER  FUEL  EXTRACTION 

TUBE 

COVER 

<100.000  pa 
<S.000  pa 

4.5.2.72 

8740 

383 

- 

- 

19650 

4648 

H9TANE  WASHED  GUM 

6  mg/tOO  ml  MAX 

45.2.8 

5 

5 

4 

2.5 

WEIGHT.  LbS/R. 

1.3r3.0IS.7S 

— 

1.0 

1.7 

*1.3 

— 

CRUSH  RESISTANCE.  0  tpw.  loMl.  % 

SS%  Otig.  0.0. 

4.9.19 

89 

87 

64  F 

91 

CRUSH  RECOVERY,  no  iMd.  % 

98%  Orig.  0..0. 

4.9.2.9 

90 

98 

90 

90 

OZONE  RESISTANCE 

NO  CRACKS  AT  7X 

4.S3.10 

PASS 

PASS 

PASS 

PASS 

P-FMura  (1)  -  6"0dy—  Wwula  Bwd  cn  Pue  B  (S)  ■  SpMaiMiw  Tar«  No  RmU  ■ 

M-Msrgwtl  (a)-Onody—  Hunii  -  Avwig«  to  3  Sow 
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